One hundred and eighty-one spinal cord injured patients admitted to the Rehabilita tion Institute of Chicago after acute care following a spinal cord injury were studied. The presence or absence of contractures as well as significant abnormalities with loss of range of motion greater than 15% was recorded. Patients were either admitted from general hospitals or the acute care unit of our spinal centre, Northwestern Memorial Hospital. Patients treated in the general hospitals had a statistically significant increased incidence of contractures compared to spinal centre patients. Patients treated in the spinal centre were transferred to the rehabilitation hospital sooner post injury. An increased time from onset to rehabilitation admission correlated with a statistically significant increased incidence of contractures. Tetraplegic patients had a statistically significant increase over paraplegic patients and were more likely to have contractures of several upper extremity joints. Contracture development was not related to fractures of the extremities. This evidence further supports the need for spinal cord centres and provides data on the incidence of contractures in spinal cord injured patients which has not been reported previously.
Introduction
The rehabilitation of the spinal cord injured patient and eventual reintegration into society is a task that is frequently delayed by numerous complications. These include medical, social, psychological orland physical problems. The unique aspects of spinal cord management has led to the development of spinal units. Bedbrook (1980) has condemned the piecemeal care of spinal fractures with paralysis characterised by the occasional patient being treated by the occasional doctor. This argument was most recently strengthened in a comparison of medical complications in patients treated in specialised and non specialised centres. (Donovan et al., 1984) .
Contractures are a well known complication of immobilisation. Their develop ment in spinal cord injured patients has been recognised but not well studied. Gowers (1888) in describing the symptoms of spinal cord pathology noted three different aetiological factors in their development. These were nerve root impingement, spasm and muscle imbalance. Davis (1936) stressed the importance of active and passive movements in preventing deforming contractures stating that they invariably occur in an inactive or denervated muscle. Guttmann (1976) advocated passive movements of all joints at least three times daily to prevent contracture development and described how specific joint contractures can delay rehabilitation. Bedbrook (1981) has described the relationship of oedema paralysis, poor positioning and minute haemorrhages and trauma to their development and advocated prevention by one full range of motion to the joints daily and proper positioning. Scott and Donovan (1981) have commented on the lack of literature on proper positioning in spinal cord injured patients. They suggested methods to prevent shoulder pain and contractures. Rivera-Dominguez et al. (1978) have described pes cavus and claw toe deformities in spinal cord injury, and described two practical aspects-difficulty in fitting shoes and increased susceptibility to pressure sores.
The purpose of this study is to further clarify factors related to contracture development. No data exists on the incidence of contractures in spinal cord injured patients. Of particular interest as well is a comparison of their develop ment in patients treated acutely in spinal cord centres versus general (non-centre) hospitals. Other factors related to contracture development that have not been adequately studied are the relationship if any of their development to the level of the lesion, completeness of lesion and fractures of the extremities. This study was undertaken to answer these questions. It was hoped that in undertaking this study an increased awareness of contractures will develop thereby decreasing an important physical factor delaying rehabilitation of spinal cord injured patients.
Methods and lIlaterials
The records of one hundred and eighty-one spinal cord injured patients admitted to the Rehabilitation Institute of Chicago during a 2-year period were reviewed. The patients were transferred to the Rehabilitation Institute of Chicago from one of two referral sources. Patients were admitted from either the Northwestern Memorial Hospital (centre patients), the acute care unit of the Midwest Regional Spinal Cord Injury Care System of which the Rehabilitation Institute of Chicago is the rehabilitation unit or from the acute care units of non-spinal cord centre hospitals (non-centre patients). The centre patients were managed acutely by a physician specialising in spinal cord injury and managed throughout their acute care and rehabilitation by a physiatrist with expertise in spinal cord injury. A team of nurses and therapists with expertise in spinal cord injury are present in both the Northwestern Memorial Hospital and Rehabilitation Institute of Chicago to assure appropriate physical and medical management. Non-centre patients are spinal cord injured patients managed in general hospitals in units that are not dedicated solely to the care of spinal cord injured patients.
The records were reviewed to determine the lowest normal level of the lesion, completeness of the lesion, and Frankel classification. The time from onset to admission to the acute care unit at Northwestern Memorial Hospital and time from onset of injury to the Rehabilitation Institute of Chicago was recorded.
Measurement of passive joint range of motion is performed routinely as part of the admission evaluation to the Rehabilitation Institute of Chicago. It is performed using standard goniometric techniques and recorded on a standard form. Records were reviewed to determine the presence or absence of normal range of motion and to determine the presence of more significant abnormalities. Significant abnormalities were defined as either the loss of 15 per cent of passive motion in one key range or the loss of several degrees of motion in multiple joint planes. The criteria for a significant loss in the lower extremities is described in Table 1 and the criteria for a significant loss in the upper extremities is described in Table 2 .
Fractures of the extremities were recorded to determine their relationship to contracture development.
The patient population consisted of 149 males (82.3%) and 32 females (17.7%). Average age for the males was 29.4 years and for the females 27.1 for an overall 
Results
Thirty-two joint motions were evaluated in one hundred and eighty-one patients. Twenty-six patients had a completely normal range of motion on admission to the Rehabilitation Institute. Normal motion was recorded for 4205 joint motions (72.6%). Abnormalities in joint motion that were present but not large enough to meet the criteria delineated in Tables 1 and 2 were seen in 496 motions (8.5%). Significant abnormalities meeting the criteria in Tables 1 and 2 were present in 866 motions (15%). Data was not available on 225 motions (3.9%). The average number of contractures per patient was 7.5 (S.D. 6.22 Median 6.0).
There were significant differences when comparing centre and non-centre patients. Centre patients had normal range of motion in 78 per cent of joint motions as compared to 68 per cent in non-centre patients. This difference was statistically significant at p < 0.05. Non-centre patients had mild abnormalities in 10 per cent of joint motions and significant abnormalities in 17 per cent, with 5 per cent not recorded. Centre patients had mild abnormalities in 7 per cent of their joint motions and significant abnormalities in 13 per cent with 2 per cent not recorded. Almost all centre patients (95%, 77 of 81 patients) were admitted to the acute unit within 24 hours of injury. The time from injury to rehabilitation admission for both groups averaged 48.08 days (median 35.0, standard deviation 42.25). Average time to admission for centre patients was 29.9 days and non-centre patients was 66.25 days. This difference was significant at p < 0.0 1. There was a significant relationship between the increased number of contractures per patient and time to rehabilitation admission (p < 0.01).
There were no significant findings when complete and incomplete lesions were compared.
When paraplegic and tetraplegic patients were compared there were significant differences with tetraplegics, especially (p < 0.0 1) with contractures of one elbow, the wrists, thumbs and index fingers. Tetraplegic patients had a significantly increased incidence of contracture (p < 0.1). The joints most commonly affected overall are summarised in Table 3 . There were no significant differences between patients based on Frankel classification (completeness of lesion).
When comparing individual joints in centre and non-centre patients there were significant differences between the two groups. Non-centre patients were more likely to have contractures of one hip, both knees and both ankles (p < 0.01). This was analysed by scoring each joint zero for normal, one for mild abnormalities and two for significant abnormalities and comparing the average score using the separate variance estimate T -value.
There were 30 fractures involving the extremities or clavicle in 28 patients. Nine patients sustained rib fractures. The joints proximal and distal to the fracture site in the affected and non-affected extremity were compared to determine if there was an increase in abnormalities on the side with fractures. There were eight abnormalities in joints proximal or distal to the fracture site that did not have corresponding abnormalities on the unaffected side. Seven were significant abnormalities and one was not. Five of these were abnormalities of motion in a paraplegic non-centre patient's shoulder with a clavicular fracture. Conversely there were four abnormalities on the contralateral side to fractures that were not present on the fractured side. Coexisting fractures had little effect on contracture development except in the one patient described.
Discussion
This study provides further evidence of the improved physical condition of the spinal cord injured patient when treated in a spiqal cord centre with a coordinated system of care. It should also serve as a guide for those caring for these patients on an infrequent basis. The development of joint contractures is an area that receives little attention in the medical literature and all too often in clinical care in spite of the physiological and functional changes that occur when contractures are present.
In the normal maintenance of the body there is a continuous turnover of connective tissue. Frequent motion maintains the loose areolar connective tissue and collagen meshwork which will shorten to the length it is stretched (Kottke, 1966) . Adhesive forces that bind muscle increase up to 11 per cent during denervation due to factors in the gound substance. (Stolov et al., 1974) .
Biochemical changes occur in the immobilised contracted joint. Total hexo samine content is diminished and this correlates with joint stiffness and the energy required to flex and extend experimental joints (Woo et al., 1975) . Motion provents anomalous cross links between collagen fibres and maintains proteglycans which entrap water and maintain lubrication. There is no muscle fibre loss in atrophy produced by external immobilization (Cardenas, 1977) .
Enneking and Horowitz (1972) have described the intraarticular effects of immobilisation on the human knee. There is a progressive contracture of the joint capsule and peri capsular structures with a concomitant increase in intra articular fibrofatty tissue. With time this progresses to an obliteration of the joint space and development of fibrous connective tissue.
Frank et at. (1984) have stated that 'contractures may best be treated by prevention a concept that is now only receiving adequate attention'. Range of motion exercises should be initiated upon admission. One full range of motion for each joint daily may be satisfactory but the best guide is the patient's clinical response. This may be supplemented by splinting, casting and local nerve blocks where indicated to facilitate range. Prolonged stretch of moderate tension is still the basis for contracture management. (Kottke et at., 1966) Heat when combined with stretch followed by a maintenance of stretch during cooling with further facilitate restoration of joint motion (Lehmann et at., 1970) . When conservative management fails Bedbrook (1981) has recommended simple cutaneous surgical methods of contracture release.
The clinical significance of joint contractures cannot be over-emphasised. Contractures can interfere with cosmesis, nursing care or functional activities. Therefore they must be prevented in all joints irregardless of the projected neurological outcome. 
